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Abstract 
Economic globalization and the rapid development of financial markets has led to increased instability in global financial and 
credit sphere. Crises of the early 2000s raised the question of the need for in-depth study of the structure and dynamics of 
financial markets. In this paper the methodology of modeling financial market as a nonlinear dynamical system is studied. Based 
on the analysis of stochastic differential equations concluded that the probable presence of cycling in the capital market. 
Estimated synergetic role of derivatives in causing the crisis shocks. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In the course of economic globalization a process of formation of the united financial market has evolved. 
Integratedness of different sectors of financial market into its global form is largely stipulated by development of 
financial innovations and of new financial instruments. One of the main tasks of their introduction was to control 
risks. But in fact united global market lead the gradual merge of financial risks, increasing the volume and 
unpredictability of overall risk as a result of synergies contained in the nature of the financial market. 
In previous works we examined the effect of the basic forms of globalization and the financial market 
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(Akhmetov, 2014). Some authors (Rustamov, 2010) have noted reversible effect of globalization: being the element 
uniting and converging markets, it contributes to their sustainability. At the same time as an element, that expands 
and complexities markets, globalization is factor increasing their risks and destabilization potential. The financial 
markets are becoming less repetitive events, based on which statistical regularities can be determined. Quantitative 
optimization can help to answer the question, what amount of risk you can actually measure, but does not help to 
answer what is actual total risk value. Financial market supervisions pay too little attention to systemic risks arising 
from leverage and potential implications of rapidly increasing financial globalization for the transmission of shocks 
across the borders. (Padoan, 2012). 
Financial stability is an integral part of the overall economic stability. We define economic sustainability as the 
ability of an object (the economic system) to resist cyclic phenomena in the economy and the impact of external 
factors beyond the system. 
John Downes and Jordan Goodman distinguish several types of stabilization: the currency, economic, market 
trading (Downes, Goodman, 1995). The meaning of all treatments reduced to price and current market stability. 
According to the so-called "crisis" financial stability definition of stability is regarded as state of the financial 
system or the opposite unstable market, i.e. which shall not involve destabilizing the situation bearing a threat the 
financial crisis (Lakshina, Chekmareva, 2005). 
According to the theory of financial stability H.P.Minsky the stock market passively reflects estimates of future 
returns on investments made by real investors. The very same financial system although does not effect on decision-
making in the real sector, but because of their uncertainty makes the economy inherently unstable (Minsky, 1983). 
According to Minsky asset valuation is not objective process, as is done in the face of uncertainty. This essentially 
means recognizing emotions by integral part of market behavior. According to Minsky , the boom periods caused to 
a tendency to reduce expectations of risks and waiting for the value of assets. This causes growth of lending and, 
consequently, increased vulnerability to risk. Liquidity problems can cause a crisis of insolvency through a “domino 
effect” (Dow, 2010). 
At the modern financial markets we can talk not only about the volatility, but also about their cyclical character. 
In the industrial (business) cycles there are known as a material basis. Until that time, in economic theory there was 
no question about the financial cyclicality, since it has no direct material basis. In the business cycle as such were 
considered renewal of fixed capital (K.Marx), the relationship between savings and investment (D.Keynes, 
R.Harrod, E.Domar), the over-excess capacity, capital and money (R. Hawtrey, G.Cassel, K.Wicksell, I.Fisher). 
Financial cycles cannot have a direct material base, as in these markets turn round financial assets that do not have 
direct consumption function. In modern conditions as a base factor may be the over-the value of wealth.  
2. Destabilization of the financial markets in the context of globalization 
We observe a periodic inflation of financial and credit "bubbles". During the crises 2007-2009 mortgage backed 
securities and other similar instruments inflated bubble in the US borrowing, which began to burst in the summer 
2007. The financial crisis of 2007-2009 was opaque, extended in time and "wandering" with great uncertainty for 
different segments of the financial market. Financial losses (in the form of write-offs) of the world banking sector in 
2008 amounted more than 730 bln. US dollars. (BIS, 2009). For the entire period of crisis losses and write-off of 
financial companies worldwide amounted to nearly $ 1 trillion. Loans, secured debts, inflated bubble borrowing, 
started with mortgage loans. Financial assets of all US companies from 2000 to 2007 increased by almost 70% 
(from $ 90 bln. to $150 bln.) in the rest of the world - by 135% (from 6.8 to 16 billion dollars.). 
An additional accelerator inflating financial bubbles was excessive expansion of derivatives. By the end of 2013, 
the amount of notional issued and OTC derivatives reached $700 trln., the market value of 20 trln. Derivatives 
market has somewhat slowed its growth during the current cycle. But it remains the most volatile and risky part of 
the financial market. Previously thought that derivatives allow to reduce the risk by distributing them among the 
investors and providing a more accurate estimate of the cost. In fact, the use of derivatives actually led to disguise 
the risks associated with poor quality of subprime loans including mortgages (Blundell-Wignall, 2011). The 
structure of the distribution of derivatives has become complex and opaque. To assess the real value of corporations 
and bank’s portfolios proved to be practically impossible. 
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Fig. 1. Dynamics of world volume of primary securities and nominal cost of derivatives. 
Source: OECD Journal. Financial market trends – Volume 2011, Issue 2. 
Figure 1 shows growth of primary securities (bonds and equities) and bank assets compares with off-market 
derivatives. The growth rate of derivatives volume was almost five times bigger than the primary securities during 
the period from 1998 to 2011. If in the middle of 1998 volume of global derivatives amounted to 2.5-3 worlds’ 
GDP, on the eve of the crisis, in June 2008, it has been 12-13 times bigger than worlds’ GDP. At the same time 
primary securities volume during the same period has remained stable that has been approximately two times bigger 
than GDP. 
3. Approaches to modeling financial market stability 
3.1. The financial model in terms of the effective market    
Financial market as a nonlinear dynamic system can be described by a stochastic differential equations relating 
the values of the unknown function at a certain point and the value of its derivatives of various orders at the same 
point: 
0),...,,,( )(111 nxxxxtF            (1) 
where x = x (t) – is an unknown function, which depends on time variable t. 
Stochastic modeling of financial markets is based on the efficient market hypothesis, which suggests that the 
market is efficient (fast and the same) reacts to update information. However, in our opinion, an efficient markets - 
an artificial concept. Decisive role in the financial markets are not rational behavior plays of all investors (which is 
generally impossible), but psychological factors. Markets are a set of psychologies participants who are guided by 
individual motives. This is particularly evident in times of crisis, when market competition laws imposed rumors, 
panic actions and distorted expectations. In this regard, it can be assumed that the behavior of financial markets and 
the movement of market prices can not be described by classical statistical models with sufficient reliability. 
Among the many options and stages of development of the efficient market theory should identify the most 
important generalizations. This, above all, martingale model of "fair play." Suppose we have a random variable 
,tX  which has the following property: ttt XXE  )( , where t - is the information set, which is formulated 
on the basis of the conditional expectation .)( ttXE   Here tX - martingale. This means that for a given tX best 
forecast of future values jtX   in the range t will be within the current value tX . 
If the expectation of a random process ty is zero, E(y | )=0, then we have a fair game. Obviously, if X t  - 
martingale, ttt XXy  1  - fair game when the expected return for a given  is zero. 
E.Fama gave the definition of an efficient market, which consists in the fact that completely describes the 
properties of an efficient market fair game for asset returns (Fama, 1970): 
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y tttt RER   111 ( ,      (2) 
where 1ty  - the process is fair game, R 1t - return of an asset at time (t + 1), E(R t ) - the expected equilibrium 
yield of the asset in the period (t + 1). The property is fair game implies that the abnormal excess return on average 
equal to zero. 
A special case of the martingale is a "random walk" model. Random variable tX  is subject to random walk with 
offset , if X 11   ttt X  , where  1t  - identically and independently distributed random variables for 
which: 
E t  1t =0, Var 21  tt , Cov 0jit  , when i  j   (3) 
When  = 0 (zero bias) process X t  is a martingale. Decisive for the characteristics of the model is the analysis of 
residuals (). In the random walk model residuals are independent random variables, so the density function of the 
joint distribution:  ),( jif  )()()()( '' jiji FFff       (4) 
As for finding the probability distribution functions must be integrated density distribution, then 
 
 

i j
jjiiji dfdff  )()(),(      (5) 
Provided i  j it excludes any predictability. 
Unpredictability applies to models with unequally distributed random residues, as well as dependent, but 
uncorrelated residues. Logarithms of stock market prices do follow a random walk model: 
 ,lnln 1 tttt SS    where tSln and 1ln tS - the natural logarithms of prices in periods t and (t + 1) 
respectively, t  - the offset approximately equal in this case the yield of the asset in the period t, t - random error, 
the properties of which depend on the model chosen. Given the above, we argue that the randomness (and therefore 
unpredictable) is characteristic not only effective, but also the real market. 
3.2.  Stochastic modeling of financial market 
A more general view of the random model might look like. Random process tX  [
),...(lim 21 nnt hhhX   where ),1ln( ii rh   ir the yield of a financial asset at different times,  i=1, n], having a normal distribution varies according to the following formula: 
 
tt WtX    )( 22      (6) 
where tW  - a standard Brownian motion, which goes from the point W 00  and at each time normally 
distributed with zero mean and standard deviation t
tW
 . 
Share value at time t is: 
tWt
t eSS
   )(0 2
2
      (7) 
 Turning in determining stock returns to the limit as S 0 S 1i , we obtain the formula: 
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in which the term dt describes deterministic growth and value stocks in proportion to the length of the time 
interval, and the term tdW  describes the random variation of the yield that may occur in this interval ( - instant 
return of an asset,  - volatility yield on the asset). Rewriting equation (8) in the form 
dS = )( tt dWdtS   ,     (9) 
we obtain a stochastic differential equation describing the nonlinear dynamic systems. 
The solution of such equations is also a stochastic process. For this purpose, the recording system in the form of 
the Langevin equation: 
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where }1{ nixS i   - a set of unknowns, if  and ig - arbitrary functions, m - random functions of time t. 
The economic sense of stochastic differential equations for financial market can described as follows: financial 
assets price is a result of balance of profitability of the company-issuer, market risk   and functions of investors’ 
expectations.   
For solving differential equations stochastic equations can be used Stratonovitch-Ito and Kolmogorov-Fokker-
Planck equations. Consider the possibility of solutions based on the Kolmogorov-Fokker-Planck equation. General 
view of the N variables as follows: 

 






n
i
nij
n
j ji
n
i
nixt
W WxxD
xx
xxD
i
1
1
2
1
2
1
1
1 )],...(),...([   (11) 
where D 1  - vector dispersion, D 2  - a way to convert the linear space or diffusion tensor caused by the influence 
of stochastic forces. W(v,t) - the probability density function of the speed of change of the price of the asset will 
vary from v to v. 
Here it is based on a linear differential equation for the Kolmogorov probability states: 
)()()()()( 1,11,1,1,1 tPtPtPdt
tdP
iiiiiiiiiii
i
   ,  i=1, …n (12) 
Here we consider a continuous Markov chain when the market can be in n discrete states S )...1( nii  , a 
transition in which is carried out at any random time. )(tPi  - is the probability that at time t the market is in the 
state iS , ij - the probability of transition from state to state (transition probability). 
Let us return to the equation (9) describes the nonlinear dynamic system of financial market (in particular, market 
shares). We write it in the form 
tttt dWtXdttXdX ),(),(      (13) 
where tX - the function of the system state. If the initial distribution is given as 0X ~ W(x,0), the probability 
density W(x,t) the state of the system tX is a solution of the Kolmogorov-Fokker-Planck equation (11) with the 
values for the displacement ),(),(1 txtxD ii   and diffusion  ),(),(),( 212 txtxtxD jkikij  . 
3.3.  Financial Crisis - Is it possible to forecast? 
In the works D.Sornette (Sornette, Johansen, 2001) been shown that accelerated log-periodic oscillations 
superimposed on the growing trend of the market, described by a power function with a singularity in a finite time t
 , manifested in situations leading to the crisis explosions in an "bubble burst". It is known that the oscillations of 
dynamical systems with continuous time are subject to a system of equations of the harmonic oscillator. Log-
periodic oscillations by Sornette expressed by the formula: 
   )ln((1)()( ttwCCostt
BAtp c
c
  (14) 
where 	0 determines the rate of exponential growth, ),0( ctt , B	0 is a multiplier of terms of degree of 
growth and determines the degree of stretching of the power law with respect to the axis of the price. 
Sornette formula corresponds to the laws of harmonic oscillations, which reflects a cyclical process. However, after 
taking the logarithm of the model is obtained a linear function, while the above, we have shown that the financial 
fluctuations are nonlinear. Financial turmoil combines the interaction of the many different aspects of economic and 
social life. This causes even greater complexity of the internal mechanism for the implementation of crisis 
processes. In crucial moments during crises actions of market laws of competitiveness and pricing are being 
overlapped with panic, rumors, perverted expectations. It is difficult to predict investor’s behavior as well as 
financial rates during such periods.  
This behavior is studied in modern models of nonlinear systems and stochastic theories of crises and cycles. 
Various factors and processes influence each other synergistically, increasing interference. This haphazard 
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development of financial markets encounters chaotic behavior of the masses of people. As a result, the whole variety 
of factors forms a complex contours relations that determine the instability of the system. Nonlinearity brings 
numerous developmental pathways that are refracted in bifurcation points in an unpredictable manner. The slightest 
inaccuracy in the information about the system near the vortex points can produce a fundamentally different path of 
development. 
Such behavior is characteristic derivatives that what was said above. We can see (Table 1), that six-month 
fluctuations in the nominal volume and the market value of OTC derivatives were in the past six years quite chaotic 
(saltatory) character. Constant was only exposure credit risk, which is the gross market value less all mutual 
obligations between two counterparties. 
 Table 1. Changes in the volume of world total contracts derivatives.  
 Jun 
2009 
Dec 
2009 
Jun 
2010 
Dec 
2010 
Jun 
2011 
Dec 2011 Jun 
2012 
Dec 
2012  
Jun 
2013 
Dec 
2013 
Jun 
2014 
Notional amounts 
outstanding¹ 
 
-0,6 
 
1,6 
 
-3,6 
 
3,1 
 
17,6 
 
-8,84 
 
-1,4 
 
-0,5 
 
9,5 
 
2,0 
 
2,7 
Gross market value¹  
-28,3 
 
-14,9 
 
14,5 
 
-13,7 
 
-8,45 
 
39,7 
 
-6,9 
 
-1,7 
 
-18,9 
 
-7,0 
 
-7,5 
Gross credit 
exposure² 
 
14,8 
 
16,3 
 
14,5 
 
16,3 
 
15,2 
 
14,3 
 
14,4 
 
14,5 
 
18,7 
 
16,1 
 
16,3 
¹ - as a percentage of previous period, ² - as a proportion of Gross market value. Sources: BIS, Statistical Release. OTC derivatives statistics at the 
end-June 2014, Nov. 2014 – Tables 1,2. Author’s calculation.  
4. Conclusions   
Earlier we pointed out that the financial crisis does not always have deep basis in the real economy. Therefore, 
differences of financial conditions and some financial crises cannot be associated with the cyclical processes in 
industry and other sectors of the economy. Economic crisis of overproduction has less vivid symptoms and 
manifestations. During the industrial business cycle entry into a recession is relatively slow, but it has a serious and 
grave consequence for the economy. Therefore, the period out of the crisis "bottom" for much longer and is 
accompanied, as a rule, depression. This corresponds to a long tradition of formation and manifestation of business 
cycles. 
From the point of view of the degree of stability of the financial market is methodologically important step is to 
identify the relationship between cyclical and financial crisis. Experience of the modern economy shows an 
independent and very important role of financial markets in promoting economic growth. In the existing models of 
economic crisis in financial markets is given a small role in generating cycles. That is the main drawback of the 
modern theories of the business cycle. The financial sector is seen in macroeconomics as a normal industry market - 
the large size and specific, but does not directly affect fluctuations in macroeconomic indicators for sufficiently long 
periods of time. In fact, the dynamics of the financial market, of course, changes the nature of cyclic processes, 
increasing the volatility of the economy. Moreover, in the modern economic world order financial sector often acts 
as a source of new shocks. 
The study of the theory of statistical modeling of financial market shows that the stochastic nature of the business 
and financial cycles implies a nonzero probability of unpredictable shocks. This means that theoretically the crisis 
cannot be the result of definite, well-known events, and therefore it cannot be predicted. 
A further area of research in this area may be the evaluation of the statistical relationships and statistical 
dependencies between financial market’s (stock and monetary) and general economic indicators to determine the 
presence and nature of cyclicity in the financial markets. 
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